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de pos its in the north ern mar ginal Siary Sub unit of the Magura Nappe in Po land, are char ac ter ized. The ma te rial
in ves ti gated co mes from out crops in the vi cin ity of G³adyszów and from the G³adyszów PIG-1 bore hole. The
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IN TRO DUC TION

The Siary Zone was the north ern most sed i men tary area
of the Magura Ba sin in the Pol ish Outer Carpathians. The
Up per Cre ta ceous–Palaeogene de pos its of this sed i men tary
zone (Fig. 1) were de tached from their base ment in the
Maastrichtian, when the Inoceramian Beds were de pos ited
in the Magura Ba sin; they formed a tec tonic unit, distingui-
shed as the Siary Sub unit of the Magura Nappe (Œwidziñski, 
1953; Koszarski and Koszarski, 1985). Since that time, the
Magura Ba sin was sep a rated into sev eral fa cies zones with
dif fer ent rates of de po si tion. Fa cies changes in par tic u lar
zones of the Magura Ba sin in the Palaeogene were as so ci -
ated with the mi gra tion of depocentres from the south to the
north of the ba sin (Birkenmajer and Oszczypko, 1989;
Oszczypko, 1999; Golonka et al., 2000). The clo sure of the
Neotethys, as so ci ated with global changes in sea level and
palaeo ge ogra phy (Hardenbol et al., 1998; Snedden and Liu, 
2010), led to a se ries of lo cal tec tonic and ero sional pro -
cesses in the Magura Ba sin (Poprawa et al., 2002; Osz-
czypko, 1992, 2006). 

The fi nal stages of pro gres sive short en ing and clos ing
pro cesses in the part of the Magura Ba sin dis cussed led to
the ac cu mu la tion of the G³adyszów Beds (Kopciowski and
Garecka, 1996; Kopciowski, 2007). Their strata have an ex -

tremely cha otic struc ture (Fig. 2), which makes their or i gin
un cer tain: it may be ei ther sed i men tary or tec tonic. As a re -
sult, the po si tion of the G³adyszów Beds and their re la tion -
ship to the ad ja cent de pos its are un cer tain. In or der to solve
this prob lem, the au thors de scribe cal car e ous nannoplank -
ton and foraminifera from these youn gest de pos its of the
Siary Zone and an a lyze them with re gard to the re con struc -
tion of sed i men tary pro cesses and en vi ron men tal con di tions 
dur ing the ter mi nal stages of the Magura Ba sin that led to its 
clo sure. They cor re late the microfossils stud ied with co eval
as sem blages from the other Outer Carpathian bas ins that
were re build ing and from the Podhale Ba sin. Their pre vi ous 
micropalaeontological stud ies on the biostratigraphy of the
G³adyszów Beds were pre sented in the form of short re -
ports, as parts of archival ma te ri als (Garecka and Szyd³o in
Kopciowski et al., 1997) and sci en tific com mu ni ca tions
(Kopciowski and Garecka, 1996; Garecka et al., 1998;
Szyd³o, 2001; Garecka and Szyd³o, 2011). In this pa per, the
de tailed micropalaeontological anal y sis of cal car e ous na-
nnoplankton and foraminifera with pho to graphic doc u men -
ta tion and re lated dis cus sion of these re sults with re spect to
sed i men tary con di tions and tec tonic pro cesses are pre sented 
for the first time.



GEO LOG I CAL SET TINGS

The Siary Sub unit (North Raèa Sub unit) is usu ally dis -
tin guished as the most ex ter nal, north ern most tec tonic unit
of the Magura Nappe (Fig. 1). Its source ar eas for sed i ments 
were lo cated at the north and north-east mar gin of the Ma-
gura Ba sin (Kopciowski, 2007). Fa cies changes in par tic u -
lar zones of the Magura Ba sin were as so ci ated with the mi -
gra tion of sed i men tary cen tres. As a con se quence, thick
sandstone se ries ac cu mu lated in the Magura Ba sin (Kop-
ciowski, 1996; Fig. 1); this dis tin guishes the Magura Ba sin
from the other Carpathian bas ins, which dur ing this pe riod
of open con nec tion with the world ocean, were char ac ter -
ized by uni fi ca tion of hemipelagic/pe lagic sed i men ta tion,
lead ing to the ac cu mu la tion of the Var ie gated Shale close to 
the CCD. Later, sed i men ta tion from tur bid ity cur rents, as -
so ci ated with in creased tec tonic and vol ca nic ac tiv ity, con -
trib uted to in ten si fied cir cu la tion (upwelling), which led to
ox y gen a tion and fer til iza tion of the sur face wa ters in the ba -
sin (Oszczypko, 2004, 2006; Oszczypko and Oszczypko-
Clowes, 2009). This pro cess cul mi nated across the Eocene– 
Oligocene bound ary, when the pe lagic Globigerina Marl

was de pos ited in the Outer Carpathian bas ins. In the north -
ern mar ginal area of the Magura Ba sin (Siary Zone), sed i -
ments of this type have not been found, but shales con tain -
ing cal car e ous foraminifers re fer able to this depositional
event were noted (Garecka et al., 1998).

The change in sed i men tary con di tions that took place
dur ing the ear li est Oligocene brought to an end the de po si -
tion of the Globigerina Marl in the Outer Carpathian bas ins.
The sea-level fall and iso la tion of the bas ins re sulted in the
for ma tion of bi tu mi nous shales, which be came the dom i nant
fa cies in this area (Oszczypko, 1999; Poprawa et al., 2002).
The shallowing pro cess in the Magura Ba sin was as so ci ated
with the ex pan sion of an accretionary prism in the south ern
part of the area. Ini tially, pre dom i nantly sandy turbidites
were partly dis placed by a mudstone se ries (Fig. 1) in the
north ern part of the ba sin (Kopciowski, 2007). The glauco-
nitic sand stone fa cies (the W¹tkowa Sand stone), as so ci ated
with flows of higher den sity, were re placed by shales (the
Budzów/Su pra-Magura Beds), ac cu mu lated un der con di -
tions of low tec tonic ac tiv ity. Af ter this sed i men tary pe riod,
the cha otic de pos its of the G³adyszów Beds were laid down
as a re sult of syn- and post-tec tonic pro cesses (Kopciowski,
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Fig. 1. Geo log i cal sketch-map and the gen eral pro file of the Siary Sub unit in the vi cin ity of G³adyszów (af ter Kopciowski and
Garecka, 1996, mod i fied). 



2007). In the Pol ish part of the Carpathian area, this pro cess
was ini ti ated dur ing the Oligocene and ended in the Mio -
cene. It co in cided with the for ma tion of sim i lar cha otic de -
pos its, which were the re sult of clo sure of the other Outer
Carpathian bas ins (Jankowski, 1997).

The G³adyszów Beds, which are the sub ject of this pa -
per, were de scribed for the first time in the vi cin ity of G³a-
dyszów by Kopciowski (in: Kopciowski and Garecka, 1996). 
They are rep re sented mainly by mudstones and marly clays,
which in clude smaller clasts, blocks and even larger frag -
ments of flysch se ries in clud ing var i ous sand stones and
shales (Fig. 2A, B). The thick ness of the G³adyszów Beds is
dif fi cult to es ti mate, be cause of the lack of good ex po sures
and the cha otic na ture of the de pos its; it may be as sumed to
range from 50 to 80 m (Kopciowski and Garecka, 1996;
Kopciowski, 2007). The G³adyszów PIG-1 bore hole was
drilled to gain a com plete pro file, in clud ing the thick ness of
the G³adyszów Beds and their con tact with the un der ly ing
Budzów Beds. Un for tu nately, the tran si tion be tween these
two units was not found in this bore hole (Kopciowski et al.,
2011).

MA TE RIAL AND METH ODS

Rock ma te rial was sam pled from the de pos its ex posed
in G³adyszów Creek, to the east of the cen tre of G³adyszów
vil lage (18 sam ples; N49°30'59"–49°31'17", E021°15'15"–
021°16'23") and 58 sam ples were col lected from the G³a-
dyszów PIG-1 bore hole, lo cated in Uœcie Gorlickie
(N49°31'20", E021°16'10"; Fig. 1). The de pos its sam pled,
de scribed as “a block in a ma trix”, were rep re sented first of
all by grey, grey green and green, strongly de formed cal car -
e ous, marly mudstones and claystones, in which frag ments
of fine- and me dium-grained grey, cal car e ous sand stones
oc curred (Fig. 2; Kopciowski, 2007, Kopciowski and Ga-
recka, 1996). The same type of rocks with brown, cal car e -
ous shales (Kopciowski et al., 2011) was sam pled from the
in ter val 1.4–200 m in the G³adyszów PIG-1 bore hole. The
bot tom of the G³adyszów Beds and their con tact with un der -
ly ing Budzów Beds was not reached in this bore hole. For
com par i son, a few sam ples were taken from the up per most
part of the Budzów Beds, ex posed in the vi cin ity of G³ady-
szów (Fig. 1) 

The cal car e ous nannofossils and foraminifera stud ied
were ob tained from the same set of sam ples. The smear slides 
for nannofossils stud ies were pre pared, ac cord ing to the stan -
dard method de scribed by Báldi-Beke (1984). A fine wa ter
sus pen sion of the rock was spread out on a glass slide. Af ter
dry ing, the mi cro scope slide was cov ered with Can ada bal -
sam and a cover glass. The slides were in spected and mi cro-
fossils photographed with a light mi cro scope Nikon Eclipse
E400Pol at 1000× mag ni fi ca tion. In the case of forami-
nifera, the rock ma te rial was sub jected to me chan i cal and
ther mal crush ing pro cesses. Foraminifera were se lected
from sieved rock ma te rial, which pre vi ously had been
washed and then was frag mented by an al ter na tion of heat -
ing and freez ing. Fi nally, the 63 µm frac tion was used for
ob ser va tion un der the ste reo scopic op ti cal mi cro scope
(Zeiss Ste reo Dis cov ery.V12). Photo doc u men ta tion was

car ried out in the Scan ning Elec tron Mi cros copy Lab o ra -
tory of Bi o log i cal and Geo log i cal Sci ences In sti tute of the
Jagiellonian Uni ver sity (JEOL-5410 and NORAN Voy ager
3100). The microfossils were an a lyzed with re spect to their
num ber, di ver sity, and pres er va tion.

RE SULTS

Cal car e ous nannoplankton

The dis tri bu tion of cal car e ous nannoplankton is shown
in Ta bles 1 and 2; pho to graphs of se lected taxa are il lus -
trated in Fig ures 3 and 4. The num ber, di ver sity and pres er -
va tion of the cal car e ous nannoplankton spec i mens vary sig -
nif i cantly from sam ple to sam ple. The most re sis tant to dis -
so lu tion, ac cord ing to Bukry’s (1981) clas si fi ca tion, long-
rang ing Coccolithus, Dictyococcites, Reticulofenestra and
Cyclicargolithus spec i mens oc cur more fre quently than the
other, less re sis tant and spo rad i cally found Pontosphaera,
Transversopontis, Braarudosphaera, Micrantholithus,
Sphenolithus, Helicosphaera and holococcolits. The state of 
pres er va tion can be de ter mined as poor or, in some cases,
very poor. The well pre served spe cies oc cur spo rad i cally.
The large scale of the de struc tion is doc u mented by the high 
fre quency of in de ter mi nate frag ments of un de fined mor -
pho log i cal types and dam aged spec i mens, e.g., bro ken arms 
of asteroliths, crushed frag ments of shields, and the ab sence 
or fragmental pres er va tion of di ag nos tic el e ments, es pe -
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Fig. 2. Out crops of the G³adyszów Beds in G³adyszów Creek.
A, B. Mul ti col ored mudstones in cor po rat ing sand stone blocks
(pho to graphs taken by R. Kopciowski).
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cially in the sam ples taken from the bore hole. Poor pres er -
va tion and redeposition ob served on a large scale (the lat ter
be ing dif fi cult to de ter mine in the case of long-rang ing spe -
cies) cre ated dif fi cul ties in the age dat ing of the sed i ments
in ques tion.

Re worked spec i mens are dom i nant el e ments of the cal -
car e ous nannofossil as sem blages in the sam ples from both
the out crops and the G³adyszów PIG-1 bore hole. They are
mainly Eocene and Eocene–Oligocene and spo rad i cally
Cretaceous and Palaeo cene taxa.

The youn gest spe cies, con sid ered as autochthonous
species, the pres ence of which al low the de ter mi na tion of an 
Oligocene age, are very rare. The fol low ing long-rang ing
placoliths dom i nate: Coccolithus pelagicus (Wallich) Schil- 
ler (Fig. 3A, B), Dictyococcites bisectus (Hay, Mohler et
Wade) Bukry et Percival (Fig. 3C–E), Cribrocentrum reti-
culatum (Gart ner et Smith) Perch-Niel sen (Fig. 3F), Reti-
culofenestra umbilica (Levin) Mar tini et Ritzkowski (Fig.
3G, H) and small reticulofenestrids. Less com monly, quite
un equally, but with con stant fre quency, the fol low ing spe -
cies oc cur: Cyclicargolithus floridanus (Roth et Hay) Bukry 
(Fig. 3I, J), Isthmolithus recurvus Deflandre (Fig. 3K, L)
and Lanternithus minutus Stradner (Fig. 3M). The warm-
wa ter Sphenolithus (Sphenolithus predistentus Bramlette et
Wilcoxon (Fig. 3N–P), S. pseudoradians Bramlette et Wil-
coxon (Fig. 3Q, R), S. moriformis (Brönnimann et Stradner) 
Bramlette et Wilcoxon, (Fig. 3S–U) and Discoaster (Disco-
as ter deflandrei Bramlette et Riedel, (Fig. 3V), D. tanii
Bramlette et Riedel, re worked Eocene forms) and nearshore 
Helicosphaera (Helicosphaera compacta Bramlette et Wil-
coxon (Fig. 3W, X), H. intermedia Mar tini (Fig. 4A), H.
bramlettei Müller (Fig. 4B, C), Pontosphaera (Pontospha-
era multipora (Kamptner) Roth (Fig. 4D), Transversopontis
(Transversopontis obliquipons (Deflandre) Hay, Mohler et
Wade, Fig. 4E, F), pentaliths and Zygrhablithus bijugatus
Deflandre (Fig. 4G, H) oc curred spo rad i cally. The Oligo-
cene spe cies oc cur mainly in the sam ples from G³adyszów
Creek (Tab. 1): Cyclicargolithus abisectus (Müller) Wise
(Fig. 4I–L), Sphenolithus dissimilis Bukry et Percival (Fig.
4M, N), Reticulofenestra lockeri Müller (Fig. 4O, P) and
Reticulofenestra ornata Müller (Fig. 4Q, R). In the sam ples
from the G³adyszów PIG-1 well, the only Oligocene spe cies 
is R. lockeri (Tab. 2). The nannofossil as so ci a tion de tected
in the sam ples from the out crops in G³adyszów Creek is

better pre served than the one from the bore hole. In the case
of large forms, such as D. bisectus, R. umbilica, Chiasmo-
lithus oamaruensis (Deflandre) Hay, Mohler et Wade (Fig.
4S, T), C. cf. grandis (Bramlette et Riedel) Radomski (Fig.
4U) and also Discoaster sp., Braarudosphaera bigelowii
(Gran et Braarud) Deflandre (Fig. 4V) and I. recurvus, the
signs of me chan i cal dam age are es pe cially prom i nent.

Foraminiferal as sem blages

The dis tri bu tion of foraminifera is shown in Ta bles 1
and 2; SEM pho to graphs of se lected taxa are il lus trated in
Fig ure 5. In the sam ples stud ied, Paleocene–Eocene and
Late Cre ta ceous plank tonic or benthonic forms usu ally oc -
cur as sep a rate as sem blages in sam ples, which in clude only
dis placed and re worked rock ma te rial in cor po rated into the
G³adyszów Beds dur ing the syn-tec tonic pro cesses. Oc ca -
sion ally, these ag glu ti nated benthos or plank ton spec i mens
oc cur as sin gle forms in sam ples con tain ing as sem blages of
Early Oligocene age (Tabs 1, 2). The lat ter are rep re sented
by op por tu nis tic plank tonic foraminifera rep re sent ing Chi-
loguembelina, Laterostomella, Globoquadrina, Globano-
malina, Tenuitellinata, Parasubbotina, Catapsydrax, Glo-
borotaloides (Fig. 5A–H, J), Testacarinata, Subbotina and
di ver si fied cal car e ous ben thic forms rep re sented mainly by
spe cies of the Bolivina-Brizalina group [B. cookie, B. cre-
nulata, B. danvilensis, B. fastigia (Fig. 5K–O), B. aena-
riensiformis, B. missisipiensis, B. subtillisima] and the ge -
nus Cibicides: C. lopjanicus (Fig. 5P, Q), C. amphisylensis,
C. oligocenicus. Some of them are known from the Budzów
(Su pra-Magura) Beds (Garecka et al., 1998; Garecka and
Szyd³o, 2011). Apart from the forms de scribed, cal car e ous
benthos, be long ing to the gen era Globocassidulina, Cassi-
dulina, Pullenia, Uvigerina (Fig. 5R), Bulimina (Fig. 5V, W),
Fursenkoina (Fig. 5X), and Chilostomella oc cur (Tab. 2).
Among them, the lat ter three taxa oc cur as pyritized forms,
which are more fre quent in the up per part of the Budzów
Beds (Szyd³o in Kopciowski et al., 1997).

In ad di tion, some sam ples from the G³adyszów Beds
con tain plank tonic forms, be long ing to the gen era Tenuite-
lla (T. brevispira), Globigerinella (G. obesa) and Cassigeri- 
nella (C. chipolensis), and also benthonic taxa (Asterige-
rina, Protelphidium).

CAL CAR E OUS NANNOFOSSILS AND FORAMINIFERA, CARPATHIANS  209

Fig. 3. Cal car e ous nannofossils from the G³adyszów Beds. Ab bre vi a tions: CN – crossed nicoles; NL – nor mal light. A. Coccolithus
pelagicus (Wallich) Schiller – CN (crossed nicols). B. Coccolithus pelagicus (Wallich) Schiller – NL (nor mal light). C. Dictyococcites
bisectus (Hay, Mohler et Wade) Bukry et Percival – CN. D. Dictyococcites bisectus (Hay, Mohler et Wade) Bukry et Percival – NL. E.
Dictyococcites bisectus (Hay, Mohler et Wade) Bukry et Percival – CN. F. Cribrocentrum reticulatum (Gart ner et Smith) Perch-Niel sen –
CN. G. Reticulofenestra umbilica (Levin) Mar tini et Ritzkowski – CN. H. Reticulofenestra umbilica (Levin) Mar tini et Ritzkowski – NL.
I. Cyclicargolithus floridanus (Roth et Hay) Bukry – CN. J. {lang1033 Cyclicargolithus floridanus (Roth et Hay) Bukry – NL. K.
Isthmolithus recurvus Deflandre – CN. L. Isthmolithus recurvus Deflandre – NL. M. Lanternithus minutus Stradner – CN. N.
Sphenolithus predistentus Bramlette et Wilcoxon – CN-0°. O. Sphenolithus predistentus Bramlette et Wilcoxon – CN-0°. P. Sphenolithus
predistentus Bramlette et Wilcoxon – CN-45°. Q. Sphenolithus pseudoradians Bramlette et Wilcoxon – CN-0°. R. Sphenolithus
pseudoradians Bramlette et Wilcoxon – NL-0°. S. Sphenolithus moriformis (Brönnimann et Stradner) Bramlette et Wilcoxon – CN-0°. T.
Sphenolithus moriformis (Brönnimann et Stradner) Bramlette et Wilcoxon – CN-45°. U. Sphenolithus moriformis (Brönnimann et
Stradner) Bramlette et Wilcoxon – NL-45°. V. Discoaster deflandrei Bramlette et Riedel – NL. W. Helicosphaera compacta Bramlette et
Wilcoxon – CN. X. Helicosphaera compacta Bramlette et Wilcoxon – NL.
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IN TER PRE TA TION

Biostratigraphy

For the pur pose of this work, the stan dard zonation of
Mar tini, mod i fied by e.g., Mar tini and Müller (1986) was
used. The Oligocene zonation is based among oth ers on the
last (LO) and first oc cur rences (FO) of warm-wa ter spheno- 
liths (Sphenolithus distentus, Sphenolithus ciperoensis),
which are rare or even ab sent at high lat i tudes (Fig. 6). In
the case where in dex spe cies have not been used for the orig i -
nal bound ary def i ni tion, it was nec es sary to use sec ond ary
spe cies of es tab lished biostratigraphic po si tion (Fig. 6). The
first rare oc cur rence of C. abisectus closely cor re sponds to
the first ap pear ance of Sphenolithus ciperoensis, which
orig i nally de fined the lower bound ary of the NP24 Zone
(and also the up per limit of the NP23 Zone) in Mar tini’s
scheme (1971). Its re la tion was used by Müller (1976) who
cre ated the sub sti tute marker for the up per limit of the NP23 
Zone and the lower limit of the NP24 Zone in mid and high
lat i tudes. The FO of C. abisectus (and/or the FO of Helico-
sphaera recta) is used as a zonal marker by many au thors
(e.g., Roth et al., 1971; Báldi-Beke and Báldi, 1973;
Benedek and Müller, 1974; Stránik et al., 1981; Mar tini and 
Müller, 1986; Krhovský et al., 1992; Œlêzak et al., 1995;
Švábenická and Stránik, 2004; Van Simaeys et al., 2004).
The first rare in di vid u als of R. lockeri (and R. ornata) were
de scribed al ready from the up per part of the Globigerina
Marl of the Skole Unit, as signed to the NP22 Zone
(Garecka, 2012). Dudziak (in Smoleñska and Dudziak,
1989) men tioned this spe cies (as R. cf. lockeri) in the as so -
ci a tion of the NP22 Zone in the Sub-Cergowa Marl of the
Dukla Unit. It con firmed in for ma tion that R. lockeri ap -
peared in the lower part of the Early Oligocene (NP22;
Krhovsky, 1981; Báldi et al., 1984). Ac cord ing to Nagy-
marosy and Voronina (1992), the first rare spec i mens of R.
lockeri ap peared even close to the Eocene/Oligocene
(NP21) bound ary. At the bound ary of NP22/NP23 zones, an 
in crease in the num ber of R. lockeri in di vid u als was ob -
served (Nagymarosy and Báldi-Beke, 1988). The lower part 
of the Menilite Beds of the Skole Unit, on the ba sis of the
mass oc cur rence of R. ornata, Transversopontis fib ula and
R. lockeri, were in cluded in the NP23 Zone (Garecka, 2005, 
2012). In the cal car e ous nannoplankton as sem blage of the
NP24 Zone, they oc curred as one of the most re sis tant spe -
cies with other Reticulofenestra, Dictyococcites and Cocco- 
lithus spec i mens. Ac cord ing to Perch-Niel sen (1985), Sphe- 

nolithus dissimilis ap peared in NP24 Zone. Oszczypko-
Clowes (2001, 2010) men tioned this spe cies in the as sem -
blage of the Budzów Beds also as signed to the NP24 Zone.
Al ready in sam ple 842/21/95 (Tab. 1), which was col lected
from the up per most part of the Budzów Beds in the G³ady-
szów sec tion (Kopciowski and Garecka, 1996; Garecka et
al., 1998; Garecka and Szyd³o, 2011), the oc cur rence of R.
lockeri (com mon), R. ornata, C. abisectus, S. distentus and
C. floridanus in di cated the NP24 Zone (up per Rupelian–
lower Chattian). It con firmed re sults achieved by Osz-
czypko-Clowes (2001, 2010), which on the ba sis of the oc -
cur rence C. abisectus, S. dissmilis and H. recta as signed the
Budzów Beds of the Ma³astów and Olchowiec sec tions
(Siary Zone) to the NP24 Zone. The scar city of the Oligo-
cene spe cies and the com mon oc cur rence of re de pos ited
forms in di cate that the age of the in ves ti gated sam ples from
the G³adyszów Beds may be youn ger than the dis cussed as -
sem blage of nannofossils. They are not older than the NP24
Zone, whereas the poorer sam ples from the G³adyszów
PIG-1 well are at least Early Oligocene in age; it is im pos si -
ble to de ter mine the nannofossil zone.

The pres ence of some plank tonic gen era in some of the
sam ples stud ied (Tenuitella brevispira, Globigerinella obesa
and Cassigerinella chipolensis) may in di cate the up per part
of the Early Oligocene (late Rupelian) and even the pas sage
into the Late Oligocene (Fig. 6). How ever, it usu ally co in -
cides with the pres ence of the plank tonic foraminiferal gen -
era Globanomalina, Laterostomella and Chiloguembelina.
In this case, the age of the as sem blages de scribed could be
placed within the range of the mid dle part of the P20 to P21
a/b bound ary (Fig. 6; Berggren et al., 1985, 1995). The ex -
tinc tion of chiloguembelinids, which usu ally cor re sponds to 
the bound ary be tween the NP23/NP24 nannofossil zones, is 
closely linked with the Rupelian-Chattian bound ary (Van
Simaeys et al., 2004). How ever, this event is not isochro-
nous and as a re sult sin gle forms of this ge nus could sur vive
un til the Late Oligocene (Fig. 6; Olszewska, 1984; Olszew-
ska et al., 1996; Van Simaeys et al., 2004).

Palaeoenvironment

The microfossils from the G³adyszów Beds in clud ing
mainly re worked forms re flect the changes in sed i men tary
con di tions on the north ern outer shelf of the Magura Ba sin
(comp. Kopciowski, 2007). In the de pos its stud ied, the skel -
e tal el e ments of foraminifera and cal car e ous nannoplankton 
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Fig. 4. Cal car e ous nannofossils from the G³adyszów Beds. Ab bre vi a tions: CN – crossed nicoles; NL – nor mal light. A. Helicosphaera
intermedia Mar tini – CN. B. Helicosphaera bramlettei Müller – CN. C. Helicosphaera bramlettei Müller – CN. D. Pontosphaera
multipora (Kamptner) Roth – CN. E. Tranversopontis obliquipons (Deflandre) Hay, Mohler et Wade – CN. F. Tranversopontis
obliquipons (Deflandre) Hay, Mohler et Wade – NL. G. Zygrhablithus bijugatus (Deflandre) Deflandre – CN. H. Zygrhablithus bijugatus
(Deflandre) Deflandre – NL. I. Cyclicargolithus abisectus (Müller) Wise – CN. J. Cyclicargolithus abisectus (Müller) Wise – NL. lain K.
Cyclicargolithus abisectus (Müller) Wise – CN. L. Cyclicargolithus abisectus (Müller) Wise – CN. M. Sphenolithus dissimilis Bukry et
Percival – CN-0°. N. Sphenolithus dissimilis Bukry et Percival – CN-45°. O. Reticulofenestra lockeri Müller – CN. P. Reticulofenestra
lockeri Müller – CN. Q. Reticulofenestra ornata Müller – CN. R. Reticulofenestra ornata Müller – CN. S. Chiasmolithus oamaruensis
(Deflandre) Hay, Mohler et Wade – CN. T. Chiasmolithus oamaruensis (Deflandre) Hay, Mohler et Wade – CN. U. Chiasmolithus cf.
grandis (Bramlette et Riedel) Radomski – CN. V. Braarudosphaera bigelowii (Gran et Braarud) Deflandre – CN. W. Sphenolithus
distentus (Mar tini) Bramlette et Wilcoxon – CN-0°. X. Sphenolithus distentus (Mar tini) Bramlette et Wilcoxon – CN-45°.
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Ta ble 1

Dis tri bu tion of cal car e ous nannofossils and foraminifers in sam ples col lected from out crops in the vi cin ity of G³adyszów

Calcareous nannoplankton G³adyszów Beds
Foraminifera and other

microfossils

          Sample
Species         

857/
18/95

858a 858b
858c/
15/9

863/
14/9

864b
902/
10/9

905a/
42/9

905b
905c/
44/9

908/
9/95

913/
7/95

931/
6/95

952a/
4/95

952b/
3/95

955/
2/95

958/
1/95

Sample         
         Species

Braarudosphaera bigelowii x(?) o x(?) o o x Chiloguembelina gracillima

Chiasmolithus oamaruensis x o x o x x x o x o x x x Laterostomella cubensis

Chiasmolithus sp. o  x o x x o x x Testacarinata rugosoacuelata

Clausicoccus subdistichus o x x x o x Tenuitella brevispira

Coccolithus eopelagicus x o(?) x o(?) x x Tenuitella gemma

Coccolithus pelagicus x x x x x x x x x x x x x x x Tenuitella obesa

Coronocyclus nitescens x x x x x x x x x x o x x Tenuitella sp.

Cribrocentrum coenurum x x x x
Tenuitellinata
angustiumbilicata

Cribrocentrum reticulatum x x x x x x x x x x x x x x Tenuitellinata denseconnexa

Cyclicargolithus abisectus o x xo(?) x o x(?)o x     Globorotalides suteri

Cyclicargolithus floridanus x x o x x x x x x x x x x x x Globoquadrina selli

Dictyococcites bisectus x o x o x x x x x o x o x x x x x x xo(?) Globanomalina micra

Dictyococcites callidus o x x Globanomalina naguewichensis

Discoaster barbadiensis x x x Cassigerinella chipolensis

Discoaster lodoensis o x x o o o x Globigerina leroyi

Discoaster saipanensis x o o x x o x Globigerina officinialis

Discoaster sublodoensis x x o o Parasubbotina karpatica

Discoaster tanii x x x x x x x x o x x Bolivina aenariensiformis

Discoaster sp. o x o x o x Bolivina cookei

Ericsonia formosa x o o(?) x x x x o x x x x o x x x Bolivina crenulata

Helicosphaera bramlettei o(?) o x o x x Bolivina danvilensis

Helicosphaera compacta xo(?) o(?) x x Bolivina missisipiensis

Helicosphaera intermedia x x(?) x o x x(?) Bolivina subtillisima

Isthmolithus recurvus o x x x x x x x x x x Brizalina fastigia

Lanternithus minutus x x x x x x x x x x x Cassidulina sp.

Pontosphaera latelliptica o x x o Globocassidulina globosa

Pontosphaera multipora x x x x(?) x Bulimina ovata

Pontosphaera plana x o x x x x o x x(?) x Bulimina polymorphinoides

Reticulofenestra dictyoda o x x x(?) x x x Fursenkoina schreibersiana

Reticulofenestra hillae x x x x x x Eponides binominatus

Reticulofenestra lockeri x o x o x x x o x x x(?) x o x x Cibicides amphysilensis

Reticulofenestra ornata x(?) x o x o x x x o o Cibicides lopjanicus

Reticulofenestra umbilica x x x x x x x x x x o x x x x Asterigerina cf. bracteata

small reticulofenestrids x x x x x x x x o x x x Uvigerina multistriata

Sphenolithus dissimilis o x x Discorbis sp.

Sphenolithus editus o x x x x x x Protelphidium sp.

Sphenolithus moriformis x o x x x x x x x Rhabdammina sp.

Sphenolithus predistentus o x x x x Saccamina placenta

Sphenolithus radians x o x x x x Ammodiscus sp.

Sphenolithus spiniger x o x x x x x x x Glomospira sp.

Transversopontis obliquipons x o x x x x Hormosina sp.

Transversopontis pulcher x o x x x x x x x x x x(?) Kalamopsis grzybowskii

Transversopontis pulcheroides x o x x x x x x x x x x Spiroplectammina sp.

Zygrhablithus bijugatus x o x o x x x x Haplophragmoides sp.

Thoracosphaera sp. x o o x o o o o x E. Palaeogene planktonic taxa

Undistinguishable forms x o x x x x x  o x x x x x Diatoms

Cretaceous forms x o x x x x x Skeletal elements of sponges

o – oc cur rence of cal car e ous nannoplankton, x – oc cur rence of foraminifera, (?) – in de ter mi nate forms of cal car e ous nannofossils and foraminifers
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Fig. 5. Foraminifers from the G³adyszów Beds. A. Chiloguembelina gracillima (Andreae). B. Laterostomella cubensis (Palmer). C.
Globoquadrina selli Borsetti. D, E. Globanomalina micra (Cole). F. Tenuitellinata angustiumblicata Bolli. G. Parasubbotina karpatica
Mjatluk. H. Catapsydrax dissimilis (Cushman and Bermudez). I. Globigerinella obesa (Subbotina). J. Globorotaloides suteri Bolli. K.
Brizalina cf. fastigia (Cushman). L. Bolivina cf. danvilensis How et Wallace. M. Bolivina cookei Cushman. N. Bolivina crenulata
Cushman. O. B. crenulata Cushman. P, Q. Cibicides lopjanicus Mjatluk. R. Uvigerina multistriata Hantken. S. Globocassidulina globosa 
(Hantken). T, U. Nonionella liebusi Hagn. V, W. Bulimina polymorphinoides (Yokoyama). X. Fursenkoina schreibersiana (Cžjžek).
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                          Dis tri bu tion of cal car e ous nannofossils and foraminifers
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Ta ble 2

 in sam ples col lected from the G³adyszów PIG-1 bore hole                          

o – oc cur rence of cal car e ous nannoplankton, x – oc cur rence of foraminifera, (?) – in de ter mi nate of cal car e ous nannofossils and foraminifers



had been sub jected to me chan i cal crush ing pro cesses and
of ten cor ro sion, so lu tion and also min er al iza tion. The in -
crease in num bers of some spe cies, es pe cially in those of the 
Bolvina-Brizalina group, has been cor re lated with de ple tion 
in ox y gen. On the con ti nen tal slope, this event cor re sponds
to the pres ence of ox y gen min i mum lay ers and strat i fi ca tion 
of the wa ter (Boltovskoy and Wright, 1976; Fontanier et al., 
2002). The sed i ments men tioned con tain pyritized and op -
por tu nis tic forms, which are typ i cal for the Menilite Shale
and the lower part of the Krosno Beds in the Outer Carpa-
thians, as well as for the Zakopane Beds of the Podhale Ba -
sin (Zakopane IG-1, Bañska IG-1 and Bukowina Tatrzañ-
ska IG-1 bore holes), in which these min i mum-ox y gen as so -
ci a tions are more nu mer ous (Blaicher, 1973; Olszewska,
1984; Olszewska and Wieczorek, 1998). Sim i lar anal o gies
can be ob served in the case of the nannofossil as so ci a tions
(Garecka, 2005, 2008). It re fers the com po si tion, abun -
dance, di ver sity and pres er va tion of the as sem blage and in
par tic u lar the pres ence of re de pos ited spec i mens, which
often pre dom i nate over autochthonous ones.

DIS CUS SION

The cal car e ous nannoplankton and foraminifera from
the de pos its stud ied in di cate a late Early Oligocene (late Ru- 
pelian) age, but an ear li est Chattian age can not be ex cluded
(Fig. 6). A char ac ter is tic fea ture of these as sem blages is the
pre dom i nance of re worked spec i mens, whereas in situ ones
are rare. They are as so ci ated with the skel e tal el e ments of
sponges, pyritized di a toms and radio lar ians, and tu bu lar
pseudo morphs of trace fos sils (Ta bles 1, 2). All these fea -
tures of the microfossils from the G³adyszów Beds ev i dence 

their sim i lar ity to co eval as sem blages of the other Carpa-
thian bas ins. This sim i lar ity is man i fested in poor pres er va -
tion and the oc cur rence of rare op por tu nis tic forms, which
are of ten the only autochthonous el e ments. The spe cific na -
ture, poor pres er va tion and ir reg u lar dis tri bu tion of de -
scribed nanno- and microfossils in the sed i ment, and their
re la tion ships can be at trib uted to the fact that the youn gest
de pos its of the Magura Ba sin were dis placed dur ing syn-
and post-tec tonic ero sion (Kopciowski, 2007; Oszczypko
and Oszczypko-Clowes, 2009). The trans for ma tion of the
ba sin was an ef fect of the ex pan sion of the accretionary
prism in the south ern part of the ba sin and the short en ing
pro cesses lead ing to its clo sure. It led to the for ma tion of
sediments with a cha otic struc ture, which in cluded re -
worked and dis placed rock ma te rial and microfossils. Parts
of the sed i ments are sim i lar to the ones in the im me di ate
sur round ings. In con se quence, the same cal car e ous nanno-
fos sils and foraminiferal as sem blages of the up per part of
the Early Oligocene oc cur in the Budzów (Su pra-Magura)
Beds and in the G³adyszów Beds as well. Ac cord ing to Osz- 
czypko-Clowes (2010) and other (Oszczypko-Clowes and
¯ydek, 2012), the Budzówe Beds of the Siary Zone are an
equiv a lent of the Malcov For ma tion of the Raèa and Kry-
nica/Pieniny Klippen Belt zones. In ad di tion, the re worked
Palaeo cene–Eocene and Cre ta ceous forms that come from
de pos its, de tached from the orig i nal base ment, are also in -
cluded in the G³adyszów Beds. Some sam ples con tained re -
worked Eocene and Eocene–Early Oligocene microfossil
as sem blages. In gen eral, the Eocene-Early Oligocene ass-
emblages may be cor re lated with the Globigerina Marl,
which are char ac ter is tic sed i ments for the Outer Carpa-
thians, but are not pres ent in the north ern part of the Magura 
Ba sin. Kopciowski (1996, 2007), an a lyz ing the microfossil
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Fig. 6. The strati graphic dis tri bu tion of se lected cal car e ous nannofossils (Báldi-Beke, 1984; Báldi et al., 1984; Perch-Niel sen, 1985;
Mar tini and Müller, 1986; Krhovský et al., 1992; Nagymarosy and Voronina, 1992; Švábenicka and Stráník, 2004) and plank tonic
foraminifers (Postuma, 1971; Qianyu, 1987; Olszewska et al., 1996) from the G³adyszów Beds.



as so ci a tions of the older part of the Siary Se ries and the
over ly ing de pos its, came to the con clu sion that the Lower
and Mid dle Eocene in the Siary Unit are pre served, while
the time equiv a lents of the Globigerina Marl (i.e., the Up per 
Eocene) were eroded as a re sult of the abrupt changes in
sed i men tary con di tions at the be gin ning of the Oligocene.
Af ter rapid sand stone de po si tion at the be gin ning of the
Oligocene (W¹tkowa Sand stone) the sed i ments in clud ing
op por tu nis tic plank ton foraminifers and also nu mer ous and
di ver si fied cal car e ous ben thic forms (Bolivina-Brizalina
group, Cibicides) were laid down. In gen eral, un fa vor able
en vi ron men tal con di tions were re flected in the low num bers 
and di ver sity and the poor pres er va tion of the nannofossil
as sem blages. Many spe cies then ap peared for the last time;
the new taxa ap peared spo rad i cally and in the lower num -
bers. Only the more re sis tant, mostly long-rang ing spe cies
oc curred con tin u ously. The oc cur rence of the mixed as sem -
blage in the G³adyszów Beds, which is com posed of nu mer -
ous taxa that were re sis tant to me chan i cal dam age or dis so -
lu tion as well as of op por tu nis tic, badly pre served taxa of
the Oligocene (chiloguembelinids, globigerinids and tenui-
tellids) and re worked nanno- and microfossils, in di cate dis -
place ment of the sed i ments. On the other hand, the scar city
and pres er va tion of the Oligocene spe cies may also in di cate
that these forms were re de pos ited and thus, the age of the
sed i ments may be youn ger than the de scribed forms. This
was pos si ble, be cause the sed i men tary pro cesses con tin ued
in the Magura Ba sin dur ing the Oligocene and even lasted to 
the Early Mio cene (Oszczypko and Oszczypko-Clowes,
2002; Kopciowski, 2007; Oszczypko-Clowes, 2012). Ac -
cord ingly, the G³adyszów Beds may be re garded as syn-tec -
tonic sed i ments, which formed as a re sult of sub ma rine
landslides trig gered by the trans for ma tion of the ba sin and
the in ten sive short en ing pro cess (Kopciowski, 2007).

CON CLU SIONS

The nanno- and microfossil as sem blages de scribed
from the G³adyszów Beds are char ac ter ized by dom i nance
of long-rang ing and re worked taxa; tax o nom i cally im pov er -
ished op por tu nis tic taxa be lieved to be in situ are in fre quent. 
Most of the lat ter rep re sent spe cies that dis ap peared dur ing
the Early Oligocene, while only a few ap peared for the first
time in this age. This in di cates a late Rupelian age for the as -
sem blages stud ied, al though, ow ing to the in creased oc cur -
rence of re work ing, a youn ger, early Chattian age can not be
ex cluded.

A de tailed anal y sis of the microfossils with re spect to
their or i gin, di ver sity, and also en vi ron men tal as so ci a tions
and pres er va tion in di cates that the de po si tion of the G³ady-
szów Beds took place dur ing the ter mi nal tec tonic trans for -
ma tions of the north ern part of the Magura Ba sin (Siary
Zone) in the late Rupelian and early Chattian.

How ever, ac cord ing to the au thors, the re cord of this
pro cess pre sented for the Siary Zone ap pears to in di cate ex -
ten sive ero sion and as a con se quence, de po si tion may have
con tin ued in the subbasin dur ing the Late Oligocene.

The cal car e ous nannofossils and foraminifers de scribed 
are as so ci ated with the last phases of a long-term trans for -

ma tion pro cess, lead ing to the clo sure of the Outer Carpa-
thian bas ins dur ing the Oligocene–Mio cene. It is con firmed
by the sim i lar ity be tween microfossils from the G³adyszów
Beds and the ter mi nal de pos its of the Outer (Menilite-
Krosno Se ries) and the In ner (Podhale Ba sin) Carpathians.
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